Summary: We previously developed a method of detecting drug-resistant mutation of hepatitis B virus (tyrosine (Y)-methionine (M)-aspartic acid (D)-aspartic acid (D) (YMDD) mutation) caused by the antiviral agent lamivudine. Using this method, we also reported that YMDD mutation is present in asymptomatic carriers that had not been administered antiviral agents. Thus, we investigated the clinical characteristics of 18 asymptomatic carriers of hepatitis B virus by various biochemical and virological examinations, and compared the results between five subjects with YMDD mutation and 13 subjects without mutation. Although there was no significant difference in the results of various examinations between the two groups, the quantity of virus was generally small, and S-antigen disappeared in 2 patients in whom YMDD mutation was detected. These results suggest that there is no particular cause for the appearance of mutant viruses, but that they occur spontaneously as they gain fitness and, with a subsequent decrease in the absolute quantity of viruses, become relatively easy to detect.
INTRODUCTION
Lamivudine was approved in Japan as an antiviral agent effective for the treatment of patients with chronic hepatitis B virus (HBV) infection. However, lamivudine induces lamivudine-resistant HBV in some patients on long-term administration. Lamivudine-resistant HBV has shown a few mutations in its genome [1] . We previously developed a simple method for detecting mutation of genes that code for the YMDD motif, which is one of the sites of the appearance of such mutations [2] and, using this method, reported the presence of YMDD mutations also in asymptomatic carriers (ASC) not treated with nucleotide analogues, such as lamivudine, or antiviral agents [3] . Thus, in this study, we evaluated why mutations were detected in the YMDD motif region, which is generally considered to be a highlyconserved region, in these untreated patients on the basis of the clinical background.
PATIENTS AND METHODS
The subjects were 18 ASC (8 males and 10 females encountered at the Second Department of Medicine, Kurume University) who have maintained a normal alanine aminotransferase (ALT) level for 1 year or longer. None of these subjects had a history of the use of antiviral agents, such as lamivudine or interferon.
Biochemical examinations HB sAg was detected by enzyme immunoassay (AxSYM, HBsAg; DAINABOT, Tokyo, Japan). Anti-HBe antibody assay findings were expressed as + (% inhibition>70%), •} (50<% inhibitions70), and -(% inhibitions50%).
HBV-DNA level
The HBV DNA level was measured by the branched DNA probe assay (Chiron,CA,USA).
The cut-off value of the assay was 0.7 •~ 10•¬6 equiv. (0.7 Meq)/ml.
Extraction of HB V-DNA HBV-DNA was extracted from 100 pl of serum sample using the nucleic acid extraction kit SMITEST EX-R&D (Genome Science Laboratories, Fukushima, Japan).
Analysis of YMDD mutation
Mutation of the YMDD motif was analyzed using a SMITEST HBV-YMDD mutation detection
Evaluation of precore (Pre-C) and core promoter (CP) mutations Pre-C and CP mutations were evaluated using a SMITEST HBV Precore mutation detection kit and a SMITEST HBV core promoter mutation detection kit (Genome Science Laboratories), respectively [4] .
Evaluation of HB V genotype
The HBV genotype was evaluated using a SMITEST HBV genotype detection kit (Genome Science Laboratories) [5] .
RESULTS
Characteristics of subjects, results of evaluation of YMDD motif mutations, and results of biochemical and virological tests (Table 1) YMDD mutations were detected in 5 of the 18 subjects, and all mutations were mixed types with wild variants. All 5 subjects were positive for HBe antibody, and 4 of them were middle-aged people (40-59 years) or older. The HBV-DNA level was very low in most subjects. As for Pre-C/CP mutations, Pre-C mutation was noted in 3 of the 5 subjects with YMDD mutations. All subjects in which YMDD mutation was detected were positive for HBe antibody, and the HBV genotype was type C in all 4 subjects in whom the genotype could be determined.
Comparisons between the YMDD mutant (+) group and YMDD mutant (-) group Table 2 compares the results of various tests between the group in which YMDD mutations were detected and those in whom it was not detected. Concerning the age, gender, aspartate aminotransferase (AST), ALT, history of AST or ALT elevation, and y-globulin level, the mean age was slightly higher in the YMDD mutation (+) group, but there was no significant difference noted in the other parameters. As for virological factors, none showed a significant difference except that the HBc antibody level was slightly lower in the YMDD mutation (+) group. Furthermore, HBs antigen became negative in 2 subjects (No.15 and 18) of the YMDD mutation (+) group.
DISCUSSION
Since there was no significant difference observed in the results of various tests between the YMDD mutation (+) group and mutation (-) group, the possibility that mutant viruses appeared due to a particular cause was suggested to be small. Thus, if YMDD mutations are assumed to have occurred spontaneously regardless of the use of antiviral agents, changes in "viral quasispecies" may be related to the detection of YMDD mutant viruses even in untreated patients. In a review of RNA viruses, a parameter that represents the degree of adaptation of a virus to its biological environment is called fitness [6] . HBV is a DNA virus that produces pregenome RNA in the replication process. Therefore, HBV gains fitness after infection similarly to RNA viruses, and viruses with mutations in various regions (e.g. Pre-C/CP, polymerase region, and PreS region) are produced spontaneously. However, mutants that can survive and replicate consistently in the host environment over a long period gradually become the majority, resulting in changes in the composition of the viral population. YMDD mutant viruses are, thus, considered to have become more detectable among viruses that have developed mutations in the polymerase region. This hypothesis is also considered to apply to YMDD mutations detected in association with lamivudine administration, and reasonably explains the mechanism involved in the appearance of mutant viruses [7] . The hypothesis suggesting "spontaneous occurrence of YMDD mutant viruses" is supported by the report that interval until the appearance of YMDD mutants is detected in lamivudine-treated patients differs, i.e. mutations are detected very early in some cases [8] . Such subtle changes in the population of mutant virus groups may also be related to the disappearance of HBs antigen. The disappearance of HBs antigen itself is considered to be naturally associated with a decrease in the virus level, but similarly to the appearance of YMDD mutants, various mutations that have occurred as the virus has been exposed to immunological pressure from the host over a prolonged period may involve the gene that codes for the epitope region of the HBs antigen [9, 10] .
There are still few reports of YMDD mutants of HBV being detected in patients who were not treated with antiviral agents such as lamivudine [11, 12] . (YIDD) type viruses have been reported to comprise the majority of retroviruses such as murine leukemia virus (MLV) and human endogenous retrovirus K, the spontaneous development of YMDD mutant HBV does not appear to be unreasonable [13 ,14] . Interestingly, both wild-type MLV (YVDD-type) and mutant-type MLV (YMDD-type) have been reported to be resistant to lamivudine [15] .
As the sensitivity of detecting of mutants improves in the future, reports of the detection of presently undetected YMDD mutant viruses that comprise the minority of the virus group are expected to appear. Detection of such mutants is anticipated as it is considered to be effective for predicting YMDD mutations that occur in association with lamivudine administration.
